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SUMMARY 
Water demands for areas in the Chicago region dependent upon groundwater as 
a source of water supply were compared with groundwater availability to define 
water deficit areas. 
Future groundwater demands for each township in the study area were estimated 
for each 10-year interval from 1980 to 2020. Relationships were found between 
population and per capita consumption and between manufacturing employment and 
per capita consumption. Estimates of demand were made on the basis of these 
relationships and population and manufacturing employment projections of the 
Northeastern Illinois Planning Commission. Since the Planning Commission fur-
nished data only for 1975, 1985, and 1995, estimates of population and manu-
facturing employment for the intervening years, 1980 and 1990, were made. Esti-
mates of population and manufacturing employment for 2000, 2010, and 2020 were 
made by extrapolating Planning Commission data. 
Groundwater resources are developed from two aquifer systems referred to as 
the shallow aquifers and the deep aquifers. In this report two approaches in 
developing the resource were considered. The first approach limits groundwater 
withdrawals from both the deep and shallow aquifers to the maximum rate of natural 
groundwater recharge that can be induced by pumping. The second approach also 
limits groundwater withdrawals from the shallow aquifers to recharge but allows 
water to be 'mined' (withdrawals in excess of recharge) from the deep aquifers. 
Because there are tremendous quantities of water in storage in the deep aquifers, 
mining can continue at accelerating rates before predetermined critical water 
levels are reached. 
Future demands were compared with the available groundwater resource for each 
township, and maps were prepared showing areas of groundwater deficiency. When 
limiting groundwater withdrawals to recharge, a large number of townships will 
require importation of water by as early as 1980. By continued mining, three 
townships in northern Cook County will require importation of water by 1990. 
Large areas will require importation by 2020 with either approach. 
It is possible there is sufficient water in storage in the deep aquifers to 
meet groundwater demands through 2020. Further studies will determine if the cost 
of developing the water in storage in the deep aquifers can compete with the cost 
of supplying water from Lake Michigan or other sources. 
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INTRODUCTION 
This report is the first phase of a systems analysis of water resources in 
the Chicago region. The aim of this study was to determine areas in northeastern 
Illinois in which groundwater withdrawals exceed or will exceed the groundwater 
availability. The study area (figure 1) is outside the area presently using Lake 
Michigan water and includes most of Lake County, northwestern and southwestern 
Cook County, and all of Du Page, Kane, McHenry, and Will Counties. Subsequent 
studies will investigate the cost of fully developing the groundwater resource 
and will consider alternatives such as reuse, surface impoundments, artificial 
recharge, and importation. 
The political township was selected as the basic study unit. Several of the 
smaller townships were grouped together to form units of approximately 36 square 
miles. Study units correspond with units selected by the Northeastern Illinois 
Planning Commission for population and manufacturing forecasts. Township out-
lines are shown in figure 1. Recent reports on water supply conditions in the 
area are briefly discussed below. 
Alvord, Burdick, and Howson1 prepared a report in 1969 for the city of 
Chicago concerning the water supply for the Chicago metropolitan area projected 
to the year 2000. Part of the purpose of their investigation was to study the 
probable increased requirements for water service from Chicago in the future and 
the areas in which those requirements would probably occur. They forecasted that 
by at least the year 2000 communities in northern and southern Cook County and in 
eastern Du Page County would possibly be served by the city of Chicago. 
In 1966, the Northeastern Illinois Planning Commission2 published a technical 
report that considered most aspects of water resources in the six-county area. A 
water graph for each county was included in that report. Three forecasts of use 
were made on the basis of either past trends, current usage rates, or management 
of use. These forecasts of use, made to the year 2000, were superimposed upon 
the estimates of the presently used and potentially available water resource. 
Although the graphs show the use that cannot be supplied in the county under 
different forecasts of use, they do not show specific amounts for specific areas. 
A comprehensive water-resource investigation for the state3 provided esti-
mates of the demand for municipal, industrial, and rural water for 1965, 1980, 
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Figure 1. Study area 
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and 2020. An inventory of the practical water resources yield for primary water 
supply from all sources was made by county for the entire state. Supply and de-
mand for each county were compared for the years 1965, 1980, and 2020. Those 
counties where water supply conditions may become marginal or deficient were dis-
cussed individually. Discussions for Cook, Du Page, Kane, Lake, and Will Counties 
are quoted below. McHenry County was considered as a water surplus county. 
"Cook, Du Page, Kane, Lake, and Will Counties are considered together, 
because of their common water sources, and because they share to varying 
degrees in the Chicago Metropolitan Area development. Resources of the area 
are described in detail in Chapter II and are briefly summarized here. 
Groundwater resources are greater than the present pumpage, but the deep 
aquifers are being over-pumped, while shallow sources are underdeveloped. 
The Kankakee River has potential for further municipal and industrial devel-
opment, while the Fox and Des Plaines carry a heavy burden of waste, and 
their further use is dependent upon the quality that is maintained in those 
rivers. Some potential exists for artificial recharge, and some potential 
remains in small reservoir impoundments, if these are controlled before 
urban developments engulf them. Lake Michigan is the largest and most impor-
tant water resource in the region. Although the possibility of extending its 
present use is clouded by litigation in the U. S. Supreme Court, its contin-
ued use is the only reasonable basis for planning. 
"Cook County, which presently makes the heaviest use of Lake Michigan 
through the Chicago and North Shore communities, must continue a heavy depen-
dence upon the Lake since local resources and conservation fall far short of 
meeting present and projected needs. 
"Du Page County is presently experiencing some difficulties and is partic-
ipating in the over-draft of the deep aquifers. While a relatively small re-
serve of groundwater presently exists, this will be inadequate before 1980. 
The eastern portion of the County will then need to supplement local resources 
by importing Lake Michigan water. 
"Kane County is presently supplied from groundwater sources, with minor 
industrial use of the Fox River. Ground sources will probably prove inade-
quate well before 2020, after which time a changed concept with regard to 
the Fox River use must be adopted, or water will need to be imported into 
the County. 
"Lake County is presently making substantial use of Lake Michigan. Fur-
ther potential exists for groundwater development, but major dependence will 
be upon the Lake as a source. 
"Will County is presently anticipating a deficiency, and Joliet is con-
sidering the Kankakee River among alternate sources of additional water. 
The Des Plaines River is a large source, and it is believed that increasing 
use will be made of it for industrial purposes. However, importation of 
water is anticipated before 2020." 
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This study was conducted under the general supervision of Dr. William C. 
Ackermann, Chief of the Illinois State Water Survey, and H. F. Smith, Head of the 
Hydrology Section. A number of Water Survey personnel have aided in the prepar-
ation of this report. Sandor C. Csallany gave valuable advice and assistance in 
projecting water demands. R. T. Sasman tabulated groundwater pumpage data. 
T. A. Prickett and Carl Lonnquist designed and verified the digital computer model 
for the deep sandstone aquifer. E. E. Hill tabulated much of the data. John W. 
Brother, Jr., prepared the illustrations. 
GROUNDWATER RESOURCES 
The groundwater resources in the area have been described in detail in numer-
ous Illinois State Water Survey and State Geological Survey publications. The 
more pertinent studies are cited in subsequent sections of this report. 
According to Suter et al.4 groundwater resources in the six-county area are 
developed from four aquifer systems: 1) sand and gravel deposits in the glacial 
drift; 2) shallow dolomite formations, mainly of Silurian age; 3) Cambrian-
Ordovician aquifer, of which the Ironton-Galesville and Glenwood-St. Peter sand-
stones are the most productive formations; and 4) the Mt. Simon aquifer, consisting 
of the sandstone of the Mt. Simon and lower Eau Claire Formations of Cambrian age. 
Generalized aquifer descriptions are given in table 1. 
For the purpose of this report the sand and gravel deposits and the shallow 
dolomite formations are referred to as the shallow aquifers. The Cambrian-
Ordovician aquifer is referred to as the deep sandstone aquifer and the Cambrian-
Ordovician and Mt. Simon aquifers are collectively referred to as the deep aquifers. 
Shallow Aquifers 
Estimates of the potential yield of the shallow aquifers by county were made 
by the Illinois State Water Survey for the Northeastern Illinois Planning Commis-
sion.2 The potential yield is defined as the maximum amount of groundwater that 
can be developed from a reasonable number of wells and well fields without creating 
critical water levels or exceeding recharge which occurs primarily from precipita-
tion. It was estimated that 507 million gallons per day (mgd) is available from 
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Table 1. Generalized Aquifer Descriptions 
*Collectively referred to as Cambrian-Ordovician aquifer 
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the shallow aquifers assuming full development in the six-county area. These 
estimates were based on case histories of groundwater development, geologic maps, 
and streamflow studies. 
In the present report estimates of the potential yield of the shallow aquifers 
were made for each of the townships in the study area. 
Deep Aquifers 
Included in the detailed report on the groundwater resources of the Chicago 
region in northeastern Illinois4 was a quantitative evaluation of the practical 
sustained yield of the deep sandstone aquifer based on a mathematical model. The 
evaluation was modified in subsequent reports.5'6'7 The practical sustained yield 
as defined by Walton6 is "the maximum amount of water that can be continuously 
withdrawn from existing pumping centers without eventually dewatering the most 
productive water-yielding formation, the Ironton-Galesville sandstone." The prac-
tical sustained yield of the deep sandstone aquifer is estimated to be about 
46 mgd with existing centers of pumpage. According to Walton in Larson et al.7 
the practical sustained yield of the Mt. Simon aquifer is 14 mgd. The total 
practical sustained yield of the deep aquifers is therefore 60 mgd. 
On the basis of Walton's studies, the practical sustained yield of the deep 
aquifers was determined2 for each of the six counties as given below. 
An initial approach to modeling the deep aquifers was to reduce pumpage to 
the practical sustained yield. The practical sustained yield for each township 
was estimated by reducing the recorded 1968 pumpage proportionally so that the 
total county pumpage would not exceed the county practical sustained yield given 
in the above table. 
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An alternative to limiting pumpage from the deep aquifers to the practical 
sustained yield is continued mining of the deep sandstone aquifer at rates which 
will meet the projected deficits. Walton6 first investigated the effects of con-
tinued mining on water levels in the aquifer. He used the mathematical model 
developed by Suter et al.4 and introduced the effects of dewatering the upper units 
of the deep sandstone aquifer. This results in an increased amount of water avail-
able from storage as the aquifer storage coefficient changes from artesian to water 
table. This effectively increases the amount of water available from each cubic 
foot of aquifer by almost 100 times. 
Prickett8 designed a digital computer model of the deep sandstone aquifer 
which is based largely on the mathematical model developed by Suter et al.4 and 
Walton's6 assumptions on dewatering. Prickett and Lonnquist9 described digital 
simulation techniques for aquifer evaluation. The digital computer model is ver-
satile particularly in studying the effects of additional pumping centers. 
GROUNDWATER DEMAND PROJECTIONS 
Water demand projections were made for each township in the study area. The 
projections were based on relationships found in the study area between water con-
sumption and population and between water consumption and manufacturing employment. 
Population and manufacturing employment forecasts had been made by the North-
eastern Illinois Planning Commission10 for 1975, 1985, and 1995 for each study 
unit. To correspond with the years selected for this report, their estimates were 
interpolated for 1980 and 1990, and extrapolated to 2000, 2010, and 2020. Pop-
ulation estimates for each county are given in table 2, which also shows the 1980 
and 2020 estimates given in Water for Illinois, A Plan for Action.3 
Recent data on water consumption and number of people served by each public 
water supply system in the study area were collected. In general the data show 
that as the size of the community increases the per capita consumption increases. 
This relationship is expressed graphically for communities in suburban Cook County 
in figure 2, which indicates that the average per capita consumption increases 
from 75 gallons per capita per day (gpcd) for an average community of 1000 people 
to 111 for an average community of 100,000 people. A similar relationship exists 
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Table 2. Population Estimates for Counties in Study Area, 1980-2020 
*Reference 3 estimates shown in parentheses 
Figure 2. Relationship between water consumption 
and population in suburban Cook County 
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for towns in the other five counties. The relationship for Cook County was used 
for the entire study area because it included most of the factors affecting water 
consumption. 
Projections of municipal demands were made in a manner similar to that used 
by Roberts, Csallany, and Towery,11 who projected municipal water demands for 
1300 public water supplies in Illinois to 1980 and 2020. They established a rela-
tionship (demand trend curve) between population and per capita water consumption 
for the 1300 supplies for 1967. A new municipal gpcd was established by projecting 
the 1967 gpcd parallel to the demand trend curve to the estimated population for 
1980 and 2020. The estimated water consumption for 1980 and 2020 was calculated 
by multiplying the new gpcd values by the projected population figure for 1980 
and 2020. 
Since individual communities are anonymous in the Planning Commission's pro-
jections of township population, it was necessary to study the relationship between 
water consumption and population served by public water supplies by township. The 
difference was not great enough to warrant changing the relationship shown in 
figure 2. 
Municipal water demands were projected for each township by use of the average 
line shown in figure 2 and township population projections. The average line in 
figure 2 was extended so that demand estimates could be made for townships up to 
300,000 population, the maximum projected township population. 
A large number of public water supply systems also supply all or most of the 
water for industrial and commercial use. In Cook County there are a large number 
of these systems so demand projections estimated from figure 2 include industrial 
and commercial uses. 
It was noted that in areas where manufacturing employment was large in rela-
tion to the population, per capita water consumption was much higher. Relation-
ships between the percent of population employed in a manufacturing category and 
per capita consumption for townships are shown graphically in figure 3. The data 
were segregated into townships with average community populations less than 8000, 
8000 to 15,000, and greater than 15,000. Per capita water consumption was obtained 
by dividing industrial and municipal pumpage by estimated population served by 
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Figure 3. Relationship between manufacturing employment and per capita water 
consumption for townships with average community population of three categories 
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public water supply systems. Percent of population employed in a manufacturing 
category was based on manufacturing employment data provided by the Northeastern 
Illinois Planning Commission and estimated population served by public water supply 
systems. 
Per capita water consumption in gpcd was estimated for each township from 
projected manufacturing employment and population. The gpcd's were multiplied by 
the township population to estimate water demands. These demands were used if 
they were greater than the demands estimated from the relationship between popula-
tion and consumption. 
A summary of groundwater demand projections by county compared with population 
served by public groundwater systems and manufacturing employment is given in 
table 3. The decrease in per capita water consumption reflected by some counties 
is indicative of the decline in manufacturing employment in relation to population 
increase. 
Projections of groundwater demands for individual domestic supplies were made 
for each township. They were based on estimates of rural population from popula-
tion density per square mile10 and a per capita water consumption of 50 gpd. Pro-
jections, although relatively small, are included in the total demand. 
Based on trends of livestock and poultry water use from 1955 through 1965, 
projected water demands for livestock and poultry were assumed to be negligible. 
BALANCING SUPPLY AND DEMAND 
Comparisons between water demand projections and the potential yield of the 
shallow aquifers plus the practical sustained yield of the deep aquifers were made 
for each township and are shown in figures 4, 5, and 6. It was estimated that by 
1980 (figure 4) about 78 mgd would be needed from other sources to balance demand. 
Unless Lake Michigan water is provided, the most logical source is 'mined' water 
from the deep sandstone aquifer. 
The effects of mining water on water levels in the deep sandstone aquifer 
were studied with the digital computer model described previously. Townships with 
water deficits in the year 2020 (figure 6) were grouped into 21 pumping centers. 
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Table 3. Summaries of Population and Groundwater 
Demand Projections by County 
*Population served by public groundwater supply systems 
**Percent of population employed in a manufacturing category 
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The effects of pumping at rates to meet the projected deficits shown in figures 4, 
5, and 6 were estimated with the model. When water levels declined to near the 
top of the Ironton-Galesville sandstone in a pumping center, pumpage for that 
center was automatically reduced so that water levels remained constant. Compar-
isons between water demand projections and the potential yield of the shallow 
aquifers plus mining of the deep sandstone aquifer are shown in figures 7, 8, 9, 
and 10. As shown in figure 7, by 1990 only 5.8 mgd will be required from other 
sources if mining of the deep sandstones is continued. 
The average thickness of the deep sandstone aquifer above the top of the 
Ironton-Galesville is about 800 feet. Assuming a specific yield of 0.05 this 
part of the aquifer contains about 3.5×1013 gallons of available water in the 
six-county area. The amount of water required (in excess of the amount pumped 
from the shallow aquifers) will be about 6xl012 gallons by the year 2020 or 17 
percent of the available 3.5×1013 gallons. With proper pumpage distribution it 
is conceivable that there is sufficient water to meet demands through the year 
2020. Whether or not it is economically feasible will be determined in subsequent 
studies. 
Regardless of which approach is used in managing the deep sandstone aquifers, 
pumping levels will decline to the top of the Ironton-Galesville sandstone. As 
stated before, the practical sustained yield was defined as "the maximum amount 
of water that can be continuously withdrawn from existing pumping centers without 
eventually dewatering the most productive water-yielding formation, the Ironton-
Galesville sandstone." The 'mining' approach allows water to be taken from 
storage at an accelerating rate to meet projected deficits until pumping levels 
reach the top of the Ironton-Galesville sandstone. Pumping rates are then grad-
ually reduced so that pumping levels remain at the top of the Ironton-Galesville. 
Eventually pumpage is reduced to the practical sustained yield, after which no 
further reduction in pumpage is required. 
This report does not answer nor decide, but begins to illuminate the kinds of 
questions that must be answered for state policy decisions. 
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Figure 4. Water demands (mgd) in 1980 in excess 
of groundwater available from natural recharge 
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Figure 5. Water demands (mgd) in 2000 in excess 
of groundwater available from natural recharge 
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Figure 6. Water demands (mgd) in 2020 in excess 
of groundwater available from natural recharge 
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Figure 7. Water demands (mgd) in 1990 in excess of groundwater 
available from natural recharge and mining 
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Figure 8. Water demands (mgd) in 2000 in excess of groundwater 
available from natural recharge and mining 
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Figure 9. Water demands (mgd) in 2010 in excess of groundwater 
available from natural recharge and mining 
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Figure 10. Water demands (mgd) in 2020 in excess of groundwater 
available from natural recharge and mining 
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